Seascape variability may confound assessments on the effectiveness of no-take marine reserves (NTMRs) in conserving biodiversity. In most cases baseline data are lacking, resulting in evaluations of NTMR effectiveness being Control Impact (CI) assessments. Even with independent replicate areas among management zones, this approach can make it difficult to detect zone effects if seascape attributes, such as habitat structural complexity varies among experimental areas. To determine the importance of structural complexity in evaluations of NTMR effectiveness we performed assessments on the abundance of a targeted fish, yellowtail kingfish (Seriola lalandi), in the Lord Howe Island Marine Park (LHIMP). We compared assessments which did and did not account for structural complexity, quantified using high resolution multibeam bathymetry. Despite almost 3 times more S. lalandi in NTMRs, the traditional CI assessment explained only 3% of the variation in the abundance of S. lalandi and revealed no clear effect of protection. Incorporating structural complexity into the assessment increased the deviance explained to 65% and uncovered an important interaction between zone and structural complexity. Greater abundances of S. lalandi were detected in NTMRs compared to fished zones but only on highly complex reefs. By accounting for structural complexity, we demonstrate that the precision and accuracy of NTMR assessments can be improved, leading to a better understanding of ecological change in response to this conservation strategy. Consequently, where marine park zones vary greatly in structural complexity, we strongly advocate for quantifying and accounting for such variability in assessments of NTMR performance. Seascape variability may confound assessments on the effectiveness of no-take marine 31 reserves (NTMRs) in conserving biodiversity. In most cases baseline data are lacking, resulting in 32 evaluations of NTMR effectiveness being Control Impact (CI) assessments. Even with independent 33 replicate areas among management zones, this approach can make it difficult to detect zone effects if 34 seascape attributes, such as habitat structural complexity varies among experimental areas. To 35 determine the importance of structural complexity in evaluations of NTMR effectiveness we 36 performed assessments on the abundance of a targeted fish, yellowtail kingfish (Seriola lalandi), in 37 the Lord Howe Island Marine Park (LHIMP). We compared assessments which did and did not 38 account for structural complexity, quantified using high resolution multibeam bathymetry. Despite 39 almost 3 times more S. lalandi in NTMRs, the traditional CI assessment explained only 3% of the 40 variation in the abundance of S. lalandi and revealed no clear effect of protection. Incorporating 41 structural complexity into the assessment increased the deviance explained to 65% and uncovered an 42 important interaction between zone and structural complexity. Greater abundances of S. lalandi were 43 detected in NTMRs compared to fished zones but only on highly complex reefs. By accounting for 44
INTRODUCTION 54
Highlighted as an effective strategy to address a number of human pressures that contribute to 55 6 complexity would explain more of the variation in S. lalandi abundance, therefore leading to a more 127 accurate and precise assessment of NTMR effectiveness on this targeted species compared to the 128 model excluding structural complexity. 129
130

MATERIALS AND METHODS 131
The which are strictly no-take marine reserves (referred to as NTMRs in this study) that prohibit extractive 141 activities, or habitat protection zones which are partially protected areas allowing some forms of 142 fishing, such as charter boat operations and recreational line fishing (referred to as fished zones in this 143 study) (Fig. 1 ). Spearfishing and commercial fishing in the park is prohibited. 144
The abundance of yellowtail kingfish; Seriola lalandi, was surveyed using baited remote 145 underwater video systems (BRUVS) constructed by SeaGIS Pty Ltd with Canon HG21 video 146 cameras. This species was chosen as they are the most common species targeted by fishers in the park. NTMR protection may well be influenced by the structural complexity of the reefs they inhabit. 164
To estimate the abundance of Seriola lalandi, BRUVS were deployed at 16 sites within the 165 LHIMP in 2009. Eight of these sites were in fished zones and 8 sites in NTMRs where fishing is 166 prohibited. These sites follow the design of a long-term fish monitoring program in the LHIMP and 167
were originally selected to representatively sample no-take and fished zones. Consequently, sites were 168 not stratified over areas of varying structural complexity raising the concern over potential habitat 169 confounding in the no-take marine reserve assessment. Serendipitously, however, survey sites were 170 representative of the structural complexity exhibited on the Lord Howe Island and Balls Pyramid shelf 171 between depths of 25 -50 m (Fig. A.1) . In 2013 the same 16 sites were resampled and an additional 172 8 BRUVS deployments within each site. Prior to deployment the bait was re-crushed in an attempt to 180 keep bait plumes consistent. In 2013, bait bags were replenished for each deployment with a fresh 500 181 g of crushed pilchards (Wraith et al., 2013) . Although inconsistencies in bait use between sampling 182 years is not ideal, no significant difference in the abundance of S. lalandi was observed between years 183 (t = 0.77, df = 31, p = 0.45) suggesting discrepancies in bait use had little influence on our estimates 184 of abundance for S. lalandi (Fig A.2, A.3 ). In addition, previous research has reported that the 185 quantity of bait has no effect on the abundance of fish recorded using BRUVS (Hardinge et al., 2013) . 186
All BRUVS were deployed for a minimum of 35 min to ensure a 30 min period was available for 187
analysis. Previous research has demonstrated that a 30 min sample provides a representative sample of 188 the fish at this latitude on the east coast of Australia (Harasti et al., 2015) . Footage was analysed using (Table A. 
1). 241
On average, there were 2.7 times as many Seriola lalandi in no-take marine reserves 242 compared to fished areas. Despite this, the model that excluded a measure of structural complexity 243 revealed no clear evidence for an effect of zone on the abundance of S. lalandi. This was primarily 244 due to substantial variability surrounding the mean abundance of S. lalandi in NTMRs; 6.8 ± 3.0 (± 245 SE) compared to fished zones; 2.4 ± 0.6 (± SE). 246
All models accounting for structural complexity in the no-take marine reserve assessment 247 were substantially better at explaining variation in the abundance of Seriola lalandi compared to the 248 model containing just zone (Table 1) . The model including the interaction between zone and 249 bathymetric variance at the 100m scale provided the top-ranked fit (wAICc = 0.38) and explained the 250 highest amount of deviance (D.E. = 65.47%). For these reasons, this model was preferred over the 251 models including bathymetric variance at the 150m and 200m scale despite being within 2 AICc 252 (Table 1) . 253
Accounting for structural complexity in the assessment revealed an important interaction 254 between zone and complexity on the abundance of Seriola lalandi. No-take marine reserves had a 255 greater abundance of S. lalandi, but only at sites displaying high structural complexity (Fig. 3) . There 256 was no difference in the abundance of S. lalandi between NTMRs and fished zones in areas of low 257 structural complexity (Fig. 3) . Incorporating structural complexity into the model also substantially 258 reduced the variance around the mean estimates of S. lalandi in NTMRs (6.8 + 1.86 and -1.43, SE) 259 compared to the model containing just zone (6.8 ± 3.0, SE). In contrast, variances remained similar in 260
fished zones between the model accounting for structural complexity (2.4 +0.56 and -0.45, SE) and 261 the model containing just zone (2.4 ± 0.6, SE). The model including structural complexity (BV 100m) 262 in the assessment also explained a greater amount of the variance in the abundance of S. lalandi (D.E. 263 65.47 compared to 2.89). Notably, both NTMRs and fished zones displayed a relatively even spread 264 of sites displaying low to high structural complexity (Fig. 3) . There was no significant difference in 265 average structural complexity (bathymetric variance) between the two zone types (t = 0.42, df = 18, p 266 = 0.68), hence the initial CI assessment was not necessarily confounded. 267
The abundance of Seriola lalandi increased noticeably in no-take marine reserves where the 268 underlying reef exhibited structural complexity (defined as bathymetric variance) greater than 2 m at a 269 100 m radii scale (Fig. 3) . Areas displaying this level of structural complexity were well represented 270 in no-take marine reserves and fished zones on the LHIMP shelf (Fig. 4) . were concerned that such variability may confound our Control Impact (CI) test on the response of a 276 targeted species of fish to marine park zoning, leading to uncertainty in the assessment (Miller and 277
Russ, 2014). This was not the case as sites of high and low structural complexities were well 278 represented between the two management zones. The inclusion of structural complexity into the test, 279
clearly resulted in a more complex and useful model, with greater explanatory power compared to the 280 test without structural complexity. Although the initial CI assessment revealed almost 3 times greater 281 abundance of Seriola lalandi inside no-take marine reserves compared to fished zones, this 282 relationship was imprecise due to high variability surrounding mean estimates. Incorporating 283 structural complexity into the assessment revealed a clear zone effect on the abundance of S. lalandi, 284 but this effect was only apparent over suitable habitat (i.e. reefs of high structural complexity). By 285 accounting for differences in underlying structural complexity, we demonstrate a strong effect of the 286 removal of fishing on the abundance of S. lalandi. This study probably represents the clearest example 287 to date that accounting for habitat structural complexity, can lead to substantial improvements in the 288 precision and accuracy of assessments on NTMR performance. 289
It is not surprising that the effectiveness of no-take marine reserve protection on the 290 abundance of Seriola lalandi was dependent on underlying structural complexity. For S. lalandi, 291 structurally complex reefs are likely to be optimal habitat, providing increased prey such as baitfish as 292 well as favourable variability in abiotic conditions such as ocean currents. Strong links between biota, 293 such as pelagic fishes and structural complexity has been observed previously (Bouchet et al., 2015) . Reserve, offshore from Belize, excluding and including natural seascape variability derived from high 313 resolution IKONOS imagery. They found no reserve effects on the abundance and diversity of coral 314 and fish assemblages when seascape variation was omitted from the assessment. However, when 315 analyses were performed accounting for each sites' seascape characteristics, significant reserve effects 316 became apparent. The second study, by Young et al. (2016) tested the efficacy of a small marine 317 reserve on southern rock lobster populations while using multibeam bathymetry to characterize and 318 account for variability in seafloor structure. The third study, by Russ et al. (2005) reported that reserve 319 effects were still apparent with the inclusion of structural complexity in the assessment as a co-320 variate. Our findings accord with the previous literature highlighting the benefit of accounting for 321 seascape variability to better understand the complex responses of taxa to marine reserve protection. 322
We encourage future studies assessing NTMR and MPA zoning performance to, wherever possible, 323 account for seascape differences such as structural complexity as it may lead to improved assessments 324
and ultimately better conservation outcomes 325
Not only did the inclusion of structural complexity improve the test on no-take marine reserve 326 effectiveness, it also produced alternate findings, many of which have important conservation 327 implications. As the abundance of Seriola lalandi exhibited a strong response to structural 328 complexity, our results lend support to the use of remotely-sensed abiotic variables as surrogates for 329 species of interest (Pittman and Brown, 2011; Rees et al., 2014) . This information may be valuable in 330 aiding the design of spatial conservation strategies, such as MPAs. Furthermore, the outcome that no-331 take zones are most effective for S. lalandi over reefs of high structural complexity provides valuable 332 information for the ongoing management of this species in the LHIMP. High resolution mapping of 333 habitats on the Lord Howe Island and Balls Pyramid shelf indicate that the current zoning 334 arrangement of the LHIMP is adequately representing this seascape attributes within NTMRs. 335
Therefore, a better understanding of the benefits and functioning of marine reserves in this region is 336 important to effectively manage the LHIMP and surrounding Commonwealth waters into the future. 337
In conclusion, amid the growing concerns of increasing threats to marine biodiversity, 
